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2 
METHOD FOR MANUFACTURING BLISK , disk and a plurality of rotor blades arranged at intervals in 
AND BLISK INTERMEDIATE PRODUCT a circumferential direction along an outer peripheral surface 

of the disk , according to the present disclosure includes : an 
CROSS REFERENCE TO RELATED intermediate product molding step of molding a blisk inter 

APPLICATIONS 5 mediate product including a circular disk - corresponding part 
having a cutting margin in addition to the disk , a plurality of 

This application is a continuation application of Interna rotor blade - corresponding parts arranged at intervals in a 
tional Application No. PCT / JP2016 / 081059 , filed on Oct. circumferential direction along an outer peripheral surface 
20 , 2016 , which claims priority to Japanese Patent Appli of the disk - corresponding part and each having a cutting 
cation No. 2015-206969 , filed on Oct. 21 , 2015 , the entire 10 margin in addition to the respective rotor blades , and bridges 
contents of which are incorporated by reference herein . each connecting a front edge of one of each pair of the rotor 

blade - corresponding parts adjacent to each other and a rear 
BACKGROUND edge of another one of the rotor blade - corresponding 

a disk finishing step of cutting the disk - corresponding part 
1. Technical Field 15 so as to finish the disk - corresponding part into a form of the 
The present disclosure relates to a method for manufac disk ; and a rotor blade finishing step of cutting each bridge 

turing a blisk and also a blisk intermediate product . so as to finish the respective rotor blade - corresponding parts 
2. Description of the Related Art into a form of the respective rotor blades . 
Compressors or turbines used in gas turbine engines A blisk intermediate product according to an aspect of the 

which can be applied to aircraft engines often include blisks 20 present disclosure , which is used for manufacturing a blisk 
( bladed disks ) serving as rotors . A blisk is made of a nickel including a circular disk and a plurality of rotor blades 
alloy or a titanium alloy ( a metal material ) , for example . The arranged at intervals in a circumferential direction along an 
blisk includes a circular disk and a plurality of rotor blades outer peripheral surface of the disk , includes : a circular 
arranged at regular intervals along the outer peripheral disk - corresponding part having a cutting margin in addition 
surface of the disk in its circumferential direction . 25 to the disk ; a plurality of rotor blade - corresponding parts 

A blisk is typically manufactured in the following manner . arranged at intervals in a circumferential direction along an 
A circular material made of a nickel alloy or the like is outer peripheral surface of the disk - corresponding part and 
sequentially subjected to rough turning machining ( a step of each having a cutting margin in addition to the respective 
rough machining ) and finish turning machining ( a step of rotor blades ; and bridges each connecting a front edge of one 
finish machining ) in the middle portion with a disk cutting 30 of each pair of the rotor blade - corresponding parts adjacent 
tool such as a bit , so that the middle portion of the circular to each other and a rear edge of another one of the rotor 
material is finished into a product form ( a final form ) . blade - corresponding parts . 
Thereafter , the circular material is sequentially subjected to 
rough milling ( a step of rough machining ) and finish milling BRIEF DESCRIPTION OF THE DRAWINGS 
( a step of finish machining ) along the outer peripheral edge 35 
with a rotor blade cutting tool such as an end mill , so that the FIG . 1 is a perspective view of a blisk intermediate 
outer peripheral edge of the circular material is finished into product according to an embodiment of the present disclo 
a plurality of rotor blades in a product form . A blisk thus can 
be manufactured from the circular material . FIG . 2 is a perspective view showing a blisk indicated by 

Japanese Unexamined Patent Application Publication No. 40 the long dashed double - dotted lines added to FIG . 1 . 
2009-197649 ( Patent Literature 1 ) is a publication of related FIG . 3 is a perspective view of the blisk in a product form 
art with regard to the present disclosure . ( a final form ) . 

FIG . 4A is a schematic view for describing an interme 
SUMMARY diate product molding step in a manufacturing method for 

45 the blisk according to the embodiment of the present dis 
Typically , rotor blades have low rigidity because a thick closure . 

ness of the rotor blades is thin and a span of the rotor blades FIG . 4B is a schematic view for describing the interme 
is long . When the rotor blades are subjected to finish milling diate product molding step in the manufacturing method for 
to be finished into a product form , chatter vibrations which the blisk according to the embodiment of the present dis 
may result in a reduction in finish accuracy tend to be 50 closure . 
caused . In order to ensure the finish accuracy of the rotor FIG . 4C is an enlarged cross - sectional view taken along 
blades , namely , product accuracy ( form accuracy ) of a blisk , line C - C in FIG . 4B . 
a cutting speed and a feed speed of a rotor blade cutting tool FIG . 5A is a schematic view for describing a first disk 
are generally reduced so as to suppress the chatter vibrations finishing step in the manufacturing method for the blisk 
caused when the rotor blades are finished into a product 55 according to the embodiment of the present disclosure . 
form . However , the reduction in the cutting speed and the FIG . 5B is a schematic view for describing the first disk 
feed speed of the rotor blade cutting tool deteriorates surface finishing step in the manufacturing method for the blisk 
conditions of the blisk thus obtained because of frictional according to the embodiment of the present disclosure . 
heat caused between the rotor blade cutting tool and the FIG . 5C is a schematic view for describing the first disk 
work - hardened processed surface , and increases the cutting 60 finishing step in the manufacturing method for the blisk 
time to result in a reduction in productivity of the blisk . according to the embodiment of the present disclosure . 

An object of the present disclosure is to provide a method FIG . 6A is a schematic view for describing a rotor blade 
for manufacturing a blisk and also a blisk intermediate finishing step in the manufacturing method for the blisk 
product contributing to enhancing productivity of the blisk according to the embodiment of the present disclosure . 
while ensuring product accuracy . FIG . 6B is a schematic view for describing the rotor blade 

A method for manufacturing a blisk according to an finishing step in the manufacturing method for the blisk 
aspect of the present disclosure , which includes a circular according to the embodiment of the present disclosure . 

sure . 

65 
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FIG . 7A is a schematic view for describing the rotor blade the rotor blade - corresponding portions 22 includes a cutting 
finishing step in the manufacturing method for the blisk margin 22e on the convex side for performing finish pro 
according to the embodiment of the present disclosure . cessing . 

FIG . 7B is a schematic view for describing a second disk The blisk intermediate product 18 includes a bridge 24 
finishing step in the manufacturing method for the blisk 5 between each pair of the rotor blade - corresponding parts 22 
according to the embodiment of the present disclosure . adjacent to each other . The bridge 24 connects a front edge 

22a of a forward rotor blade - corresponding part 22 of each 
DESCRIPTION OF THE EMBODIMENTS pair of the adjacent rotor blade - corresponding parts 22 and 

a rear edge 22b of a rearward rotor blade - corresponding part 
A blisk intermediate product and a method for manufac- 10 22 entirely in the span direction of the respective rotor 

turing a blisk according to an embodiment of the present blade - corresponding parts 22. The forward rotor blade 
disclosure will be described below with reference to the corresponding part 22 corresponds to the forward rotor blade 
drawings . In the drawings , “ U ” refers to an upward direction 16 , and the rear rotor blade - corresponding part 22 corre 

sponds to the rearward rotor blade 16. Some of the bridges ( an upper side in a vertical direction ) , “ D ” refers to a 
downward direction ( a lower side in the vertical direction ) , 15 24 may be provided with a notch ( not shown ) , for example . 

The bridges 24 do not necessarily extend entirely along the “ AD ” refers to an axial direction of the blisk or the blisk rotor blade - corresponding parts 22 in the span direction . intermediate product , “ CD ” refers to a rotating direction of Instead of the case in which the respective bridges 24 
the blisk , “ RD ” refers to a radial direction of the blisk or the connect the front edge 22a of the forward rotor blade 
blisk intermediate product , and “ SD ” refers to a span direc- 20 corresponding part 22 and the rear edge 226 of the rearward 
tion of a rotor blade or a rotor blade - corresponding part . As rotor blade - corresponding part 22 , the respective bridges 24 
used herein , the term “ span direction ” refers to a direction may connect the rear edge 22b of the forward rotor blade 
from a base side to a tip end of the rotor blade or the rotor corresponding part 22 and the front edge 22a of the rearward 
blade - corresponding part . FIGS . 4A , 4B , 5A to 5C , 6A , 6B , rotor blade - corresponding part 22 . 
7A and 7B omit the indication of a bridge for brevity . Next , a method for manufacturing the blisk 10 according 

A blisk 10 to which the present embodiment is applicable to the present embodiment is described below . 
is an integrally bladed disk having an integral form as shown The method for manufacturing the blisk 10 according to 
in FIG . 3. The blisk 10 is used for a compressor ( not shown ) the present embodiment includes an intermediate product 
or a turbine ( not shown ) included in a gas turbine engine molding step , a first disk finishing step , a rotor blade 
which can be applied to an aircraft engine . The blisk 10 is 30 finishing step , and a second disk finishing step . The respec 
made of a nickel alloy or a titanium alloy ( a metal material ) , tive steps in the method for manufacturing the blisk 10 
for example . according to the present embodiment are described in detail 

The blisk 10 includes a circular disk 12. The disk 12 is below . 
provided with an insertion hole 14 in the middle to which a ( i ) Intermediate Product Molding Step 
rotor shaft ( not shown ) of the compressor or the turbine is 35 The metal block I ( refer to FIG . 4A ) made of a nickel 
inserted . The insertion hole 14 penetrates the disk 12 in the alloy or the like is preheated by a heater ( not shown ) . The 
axial direction of the blisk 10. A plurality of rotor blades 16 metal block I is placed between an upper mold 28 and a 
are arranged at regular intervals in a circumferential direc lower mold 30 of a forging mold 26 attached to a forging 
tion along an outer peripheral surface of the disk 12. A front press ( not shown ) , as shown in FIG . 4A . The upper mold 28 
edge 16a of a forward rotor blade 16 of each pair of the rotor 40 is attached to a slide ( not shown ) of the forging press and has 
blades 16 adjacent to each other is positioned on the front a molding surface 28m conforming to the shape of the blisk 
side of a rear edge 16b of a rearward rotor blade 16 in the intermediate product 18 on one side in the axial direction . 
rotating direction of the blisk 10. In other words , a space is The lower mold 30 is attached to a bolster ( not shown ) of the 
open between each pair of the adjacent rotor blades 16 as forging press and has a molding surface 30m opposed to the 
viewed in the axial direction of the blisk 10. As used herein , 45 molding surface 28m in the vertical direction and conform 
the forward rotor blade 16 is a rotor blade 16 positioned ing to the shape of the blisk intermediate product 18 on the 
forward in the rotating direction of the blisk 10 , and the other side in the axial direction . As shown in FIG . 4A and 
rearward rotor blade 16 is a rotor blade 16 positioned FIG . 4B , the forging press is operated to move the upper 
rearward in the rotating direction of the blisk 10 . mold 28 downward integrally with the slide of the forging 
As shown in FIG . 1 and FIG . 2 , a blisk intermediate 50 press , so that the forging processing is performed on the 

product 18 according to the present embodiment is an metal block I by use of the upper mold 28 and the lower 
intermediate product obtained prior to the blisk 10 finished mold 30 together . The blisk intermediate product 18 includ 
into a product form as shown in FIG . 3. The blisk interme ing the disk - corresponding part 20 and the plural rotor 
diate product 18 is molded such that a metal block I ( refer blade - corresponding parts 22 is thus molded from the metal 
to FIG . 4A ) made of a nickel alloy or the like is subjected 55 block I. 
to forging processing . Alternatively , the blisk intermediate Alternatively , a plurality of forging molds 26 having 
product 18 may be molded by machining processing , elec different shapes may be prepared so that the metal block I is 
trolytic processing , or metal injection molding ( MIM ) , subjected to the forging processing with the forging molds 
instead of the forging processing . 26 in a phased manner . Although the present embodiment 

The blisk intermediate product 18 includes a circular 60 illustrates the case in which the blisk intermediate product 
disk - corresponding part 20 including the disk 12. The disk 18 is molded by the forging processing , the blisk interme 
corresponding part 20 includes a cutting margin ( an extra diate product 18 may be molded by machining processing , 
thickness ) 20e on the convex side for performing finish electrolytic processing , or metal injection molding , for 
processing . A plurality of rotor blade - corresponding portions example , instead of the forging processing . 
22 corresponding to the rotor blades 16 are arranged at 65 ( ii ) First Disk Finishing Step 
regular intervals in a circumferential direction along an outer The blisk intermediate product 18 is placed on a chuck of 
peripheral surface of the disk - corresponding part 20. Each of a lathe ( not shown ) after the intermediate product molding 
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step is finished . Subsequently , a bit 32 serving as a disk The end mill 34 is replaced when the rough milling is 
cutting tool is attached to a tool holder ( not shown ) of the shifted to the interim finish milling or when the interim 
lathe , and the blisk intermediate product 18 is rotated on its finish milling is shifted to the finish milling . The rough 
axis 18c integrally with the chuck , as shown in FIG . 5A . The milling or the interim finish milling may be omitted . 
disk - corresponding part 20 on one side in the axial direction 5 ( iv ) Second Disk Finishing Step 
of the blisk intermediate product 18 is then notched with the The end mill 34 serving as a disk cutting tool is rotated on 
bit 32 , and the bit 32 is moved ( fed ) in the radial direction its axis 34c integrally with the main spindle during the rotor 
of the blisk intermediate product 18 , as shown in FIG . 5B . blade finishing step or after the rotor blade finishing step , as 
Similarly , the disk - corresponding part 20 on the other side in shown in FIG . 7B . The disk - corresponding portion 20 is 
the axial direction of the blisk intermediate product 18 is notched with the end mill 34 , and the end mill 34 is moved 
notched with the bit 32 , and the bit 32 is moved in the radial between the rotor blades 16 ( the rotor blade - corresponding 
direction of the blisk intermediate product 18 , as shown in parts 22 ) adjacent to each other . The outer peripheral surface 
FIG . 5C . Thereafter , the disk - corresponding part 20 exclud 20p of the disk - corresponding part 20 is then subjected to 
ing the outer peripheral surface 20p is sequentially subjected finish milling ( a step of finish machining ) , so as to finish the 
to rough turning machining ( a step of rough machining ) and disk - corresponding part 20 to obtain the disk 12 in a product 
finish turning machining ( a step of finish machining ) , so as form . 
to finish the disk - corresponding part 20 to obtain the disk 12 The blink 10 including the disk 12 and the plural rotor 
approximately conforming to a product form . As used blades 16 can be manufactured from the metal block I 
herein , the phrase " approximately conforming to a product 20 accordingly . 
form ” refers to a state in which the disk 12 excluding the The rotor blade finishing step may be performed not after 
outer peripheral surface 12p and the insertion hole 14 ( refer the first disk finishing step but after the intermediate product 
to FIG . 3 ) is finished into a product form . molding step and before the first disk finishing step . 

The bit 32 is replaced when the rough turning machining The operations and effects according to the present 
is shifted to the finish turning machining . The bit 32 may be 25 embodiment are described below . replaced during the rough turning machining or the finish The front edge 22a of the forward rotor blade - correspond turning machining . The insertion hole 14 is preferably ing part 22 and the rear edge 22b of the rearward rotor provided on the disk 12 by trimming and finish machining blade - corresponding part 22 of each pair of the rotor blade before the first disk finishing step is performed . corresponding parts 22 adjacent to each other are connected ( iii ) Rotor Blade Finishing Step via the bridge 24. Thus , the rigidity of the respective rotor The blisk intermediate product 18 is placed on a table of 
a milling machine ( not shown ) after the disk finishing step blade - corresponding parts 22 having a thin thickness and a 
is finished . Subsequently , an end mill 34 serving as a rotor long span can sufficiently be ensured . Accordingly , chatter 
blade cutting tool is attached to a main spindle ( not shown ) vibrations caused during the step of finishing the rotor 
of the milling machine , and the end mill 34 is rotated on its 35 blades 16 into a product form can be suppressed without a 
axis 34c integrally with the main spindle , as shown in FIG . reduction in cutting speed or feed speed of the end mill 34 . 
6A . Each rotor blade - corresponding part 22 on the tip 22t The blisk intermediate product 18 including the plural 
end ( a part close to the tip 221 ) is then notched with the end rotor blade - corresponding parts 22 is molded such that the 
mill 34 , and the end mill 34 is moved ( fed ) in the circum metal block I is subjected to the forging processing . The 
ferential direction of each rotor blade - corresponding part 22 , 40 amount of milling ( the amount of cuttings ) necessary for 
as shown in FIG . 6B . As used herein , the circumferential finishing the plural rotor blades 16 , namely , the amount of 
direction of each rotor blade - corresponding part 22 refers to cuttings produced until the blisk 10 is manufactured thus can 
a direction along the front edge 22a , a concave surface 22v , greatly be reduced . In addition , the amount ( volume ) of the 
the rear edge 22b , and a convex back surface 22d of the rotor metal block 1 as a material to be input also can greatly be 
blade - corresponding part 22. Accordingly , the respective 45 reduced . 
rotor blade - corresponding parts 22 on the tip 22t end can be According to the present embodiment , chatter vibrations 
subjected to rough milling ( a step of rough machining ) , caused during the step of finishing the rotor blades 16 into 
interim finish milling ( a step of finish machining ) , and finish a product form can be suppressed without a reduction in 
milling ( a step of finish machining ) while the respective cutting speed or feed speed of the end mill 34 , as described 
bridges 24 are removed by milling . The bridges 24 remain- 50 above . The present embodiment thus can enhance the pro 
ing during the rough milling performed on the respective ductivity of the blisk 10 while sufficiently ensuring finish 
rotor blade - corresponding parts 22 on the tip 22t end can accuracy of the rotor blades 16 , namely , product accuracy 
keep the rigidity of the respective rotor blade - corresponding ( form accuracy ) of the blisk 10 . 

According to the present embodiment , the amount of 
Subsequently , the respective rotor blade - corresponding 55 cuttings inevitably caused during the manufacture of the 

parts 22 are notched with the end mill 34 , and the end mill blisk 10 can greatly be reduced , so as to further improve the 
34 is moved in the circumferential direction of the respective productivity of the blisk 10 and minimize deterioration of 
rotor blade - corresponding parts 22 while the end mill 34 is the end mill 34 . 
caused to make a pitch movement in the span direction of the According to the present embodiment , the amount of the 
respective rotor blade - corresponding parts 22 , as shown in 60 metal block I as a material to be input can greatly be 
FIG . 7A . The respective rotor blade - corresponding parts 22 reduced , so as to reduce the material cost for the blisk 10 to 
are sequentially subjected to the rough milling , the interim result in a great reduction in production cost of the blisk 10 . 
finish milling , and the finish milling in the direction from the It should be noted that the present disclosure includes 
tip 22t end to the base 22r side while the respective bridges various embodiments which are not described herein . There 
24 are removed by milling , so as to finish the respective rotor 65 fore , the scope of the present disclosure is defined only by 
blade - corresponding parts 22 to obtain the rotor blades 16 in the scope of the appended claims reasonably derived from 
a product form . the description described above . 

parts 22 . 
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What is claimed is : tion from a tip end to a base side of the respective rotor 
1. A method for manufacturing a blisk including a circular blade - corresponding parts while each bridge is 

disk and a plurality of rotor blades arranged at intervals in removed so as to finish the respective rotor blade 
a circumferential direction along an outer peripheral surface corresponding parts into a form of the respective rotor 
of the disk , the method comprising : blades , 

an intermediate product molding step of molding a blisk wherein the blisk intermediate product is molded such 
intermediate product including a circular disk - corre that a metal block is subjected to forging processing in 

the intermediate product molding step . sponding part having a cutting margin in addition to the 
disk , a plurality of rotor blade - corresponding parts 2. The method for manufacturing the blisk according to 
arranged at intervals in a circumferential direction 10 claim 1 , wherein each bridge connects the front edge of one 
along an outer peripheral surface of the disk - corre of each pair of the rotor blade - corresponding parts adjacent 
sponding part and each having a cutting margin in to each other and the rear edge of the other one of the rotor 
addition to the respective rotor blades , and bridges each blade - corresponding parts entirely in a direction from the 
connecting a front edge of one of each pair of the rotor base side to the tip end of the respective rotor blade 
blade - corresponding parts adjacent to each other and a 15 corresponding parts . 
rear edge of another one of the rotor blade - correspond 3. The method for manufacturing the blisk according to 

claim 1 , wherein the sequentially cutting of the respective ing parts ; 
a disk finishing step of cutting the disk - corresponding part rotor blade - corresponding parts in the direction from the tip 

so as to finish the disk - corresponding part into a form end to the base side of the respective rotor blade - correspond 
of the disk ; and 20 ing parts includes rough milling , interim finish milling , and 

finish milling . a rotor blade finishing step of sequentially cutting the 
respective rotor blade - corresponding parts in a direc 


